The Bit Error Rate (BER) comparison of Adaptive Parallel Interference Cancellation (APIC) algorithms in asynchronous Multicarrier Direct Sequence Code Division Multiple Access (MC-DS-CDMA) system is introduced. The APIC is used to eliminate the Multiple Access Interference (MAI) in MC-DS-CDMA system. The Adaptive filtering algorithms considered are, Normalized Least Mean Squares (NLMS), Variable Step Size Normalized Least Mean Squares (VSS-NLMS), and Generalized Normalized Gradient Descent (GNGD) algorithms. These algorithms are used in coincidence with APIC system for updating cancellation weights. The performance comparison between these algorithms is performed via extensive computer simulations. Simulation results demonstrate that the VSS-NLMS algorithm outperforms all other algorithms, the NLMS is modular, while the worst performance is obtained by GNGD.
Introduction
Multicarrier approach offers several advantages, including robustness in fading and interference environments, operation at lower chip rates and non-contiguous bandwidth operation [1] . The multicarrier CDMA schemes are categorized mainly into two groups, first, MC-CDMA scheme that spreads the original data stream over different subcarriers using a given spreading code in the frequency domain [1] , while the other group, MC DS-CDMA spreads the serial-to-parallel (S/P) converted data streams using a given spreading code in the time domain [2] . It is well known that the major concern in multiple access systems is Multiple Access Interference (MAI), because it limits the maximum available capacity in terms of the number of users. Multiuser Detectors (MUD) for code division multiple access (CDMA) receivers are effective techniques to eliminate the MAI. It is well known that the prohibitive complexity of the optimal multiuser detection necessities suboptimal solutions having lower complexity. Many suboptimal MUD algorithms have been proposed in the literature, which can be classified into two major approaches, namely, adaptive filtering [3] and interference cancellation (IC) [4] . Much more researches have been dedicated to the latter primarily due to * Modern Academy, Staff member, khbar2000@yahoo.com.
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Paper: ASAT-14-183-CM 2 simpler analysis tractability. There are two main varieties of IC schemes, serial IC (SIC), and parallel IC (PIC), the latter is discussed here. PIC is classified into two groups namely, Soft Decision PIC (SD PIC), and Hard Decision PIC (HD PIC), under assumption of perfect channel estimation the HD PIC outperforms the SD PIC. For further performance improvement of PIC system, adaptive PIC (APIC) scheme has been proposed for DS-CDMA system [5] , and for MC-DS-CDMA system [6] . In each stage of the APIC receiver, MAI estimates are obtained using the bit estimates from the previous stage and the adaptive weights for the bit estimates. The adaptive weights are obtained by minimizing the Euclidean distance between the received signal and its estimate through different types of adaptive filter algorithms. In this paper, different approaches for updating cancellation weights are analyzed. These algorithms are NLMS, VSS-NLMS, and GNGD. The performance of APIC using NLMS is examined analytically and the results are verified using computer simulation. In addition other algorithms VSS-NLMS, and GNGD are examined for asynchronous MC DS-CDMA system over a frequency selective Rayleigh fading channels using computer simulations. The rest of this paper is organized as follows: in Section 2 the MC DS-CDMA system model is introduced, its performance using Conventional PIC (CPIC), and APIC are analyzed in Sections 3. In Section 4, three generalized square-error regularized LMS algorithms are summarized. In Section 5, performance comparison of the APIC with different adaptive filtering schemes is performed through computer simulations. Finally, Section 6 summarizes the main conclusions of the paper.
System Model
Asynchronous MC DS-CDMA system with K users communicate simultaneously at the same rate is considered. The transmitter spreads the S/P converted data streams using a given spreading code in the time domain, so that the resulting spectrum of each subcarrier can satisfy the orthogonality condition with a minimum frequency separation [7] . This scheme was originally proposed for an uplink communication system, because the characteristics of the orthogonal MC DS-CDMA are effective for establishing a quasi-synchronous channel. [7] . A brief description of the transmitter, channel model, and receiver is presented in the next subsections.
Transmitter
The transmitter block diagram for the MC DS-CDMA system is shown in Fig. (1) . In this scheme the initial data stream having the bit duration of b T is S/P converted to p number of lower-rate substreams. Hence, the new bit duration after the S/P conversion or the symbol duration is s
Each of the p lower-rate substreams is spread by the time-domain spreading PN code ) (t c k , with length N .Each of the p substreams is transmitted by M number of subcarriers, in order to achieve a frequency diversity order of M. Maximal Ratio Combining (MRC) technique is used at the receiver to exploit the frequency diversity inherent in the Multicarrier (MC) system for combating effects of channel fading. Hence, the total number of subcarriers required by the MC DS-CDMA system is pM U  . Based on this, the transmitted signal of k th can be modeled as 
Channel Model
The channel is assumed to be a slow varying frequency-selective Rayleigh fading channel with a delay spread of m T . It has been shown that the principle motivation for using MC-CDMA is to allow a frequency selective fading channel to appear as flat fading on each subcarrier [7] . If the number of sub-carriers satisfies
L is the number of resolvable paths for single carrier case, then each sub-carrier undergoes a single path fading channel. With this assumption, the complex channel gain for the subcarrier (i, j) and k th user can be defined as [6] .
Receiver
Assuming that there are K asynchronous users in the MC DS-CDMA system, where all of them use the same pM U  subcarriers, the average power received from each user at the base station is also assumed to be the same, implying perfect power control. When the transmitted signal is in the form of (1), the received signal at the base station can be expressed as [6] , 
, which is assumed to be an independent identically distribution (i.i.d) random variable having a uniform 
while the noise term can be expressed as
Multiuser interference term ) ( 1 k I represents the interference from the other users at the same considered subcarrier, i.e. the subcarrier determined by (u,v), can be written as, [7] . Finally, the last term in (4), the multiuser interference term k I 2 is due to the other users from other subcarriers
which can be expressed as.
3. Performance Analysis of HD-CPIC, and HD-APIC
HD-CPIC Stage
For the HD-CPIC receiver shown in Fig. (2) , the interference cancellation is performed by subtracting the estimated signals of the interfering users from the reference signal ) (t r uv that can be written as § the "hat" notation on the cross-correlation functions is used to denote the correlation over the complementary (with respect to the symbol duration) portion of the integration interval.
This subtraction results in a cleaner signal which is used to get more accurate decision for the desired user assuming perfect channel estimation, the reconstructed signal for subcarrier uv and user k can be expressed as, 
The first and second terms uv D , and uv N represent the desired and noise terms respectively same as defined before in (6), (7), however the last two terms in (13) represent the residual multiuser, and residual multicarrier interference respectively.
Hence, the variance of
given that ) (e P ini is the BER of the first stage (MF-MRC). It has been shown for rectangular chip waveforms, and random spreading code the variance of continuous-time partial crosscorrelation can be approximated as [8] . 
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The mean of the decision variable for the CPIC,
while its variance is the sum of variances of all interference terms and noise, according to (17), (19) it can be expressed as, 
(21) Assuming that any bit can be sent via any of the p parallel branches with equal probability, the final BER of the CPIC-MRC receiver can be written as [9] ,
HD-APIC Stage
For HD-APIC, the interference cancellation is quite similar HD-CPIC except that the estimated signals of the interfering users are weighted before subtracted from reference signal ) (n r uv . For subcarrier uv, the output from APIC scheme can be written as Fig. (3) . The weights updating equations for different adaptive algorithms will be discussed in the next section. The performance of HD-APIC can be derived as follows, let 24) be the difference between the reference signal ) (n r uv and the composite estimated weighted signals from other users, and subcarriers. In Fig. (2) the output from the PIC for the desired user, and uv subcarrier is given by [6] .
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(25) The soft output of the APIC-MRC stage is given by (26) The first term in the RHS of Equation (26) represents the desired signal D, the second term is the interference I, which is approximated as a zero mean Gaussian random variable, with variance given by [6] 
is the mean square error (MSE) of the MAI estimation which can be calculated with the aid of computer simulation [6] , then the BER can be calculated as stated before in CPIC stages.
Generalized Square-Error Regularized LMS Algorithm
Several adaptive algorithms, including NLMS, GNGD, and VSS-NLMS are summarized. These algorithms can be used with the APIC system to update weights to eliminate the MAI of the MC DS-CDMA.
Conventional Regularization for NLMS (ε-NLMS) [10 ]
Let w(n) denote the coefficient vector of the update weight at iteration n.  is the step size The a priori estimation error between the desired response and the output of the LMS filter is
The ε-NLMS algorithm updates w(n) as follows
where ε is a fixed small positive constant called regularization parameter. The overall effective step-size might become relatively large or relatively small, Depending on the value of ε and this affects the convergence and tracking performance.
Generalized Normalized Gradient Descent (GNGD) Algorithm [10]
The GNGD algorithm belongs to the family of time-varying regularized VSS algorithm. The filter coefficient vector is updated as 
where  is an adaptation parameter, and ) 0 (  is the initial value of the regularization parameter.
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Variable Step-Size NLMS (VSS-NLMS) Algorithm [10]
A variable step size NLMS (VSS-NLMS) was obtained as follows.
The filter coefficient vector update recursion is given by
The squared instantaneous a priori estimation error is used to update the step size as
, and
Simulation Results
In this section, the bit error rate performance of the asynchronous MC-DS-CDMA system HD-APIC using three different adaptive algorithms is studied. The considered channel is a Rayleigh frequency-selective fading channel. For each sub-carrier the channel is considered flat. To achieve a frequency diversity, M is set to be equal to 2. PN random sequences are generated as spreading codes with different lengths that equal to N=31, and N=63. The total transmitted power is the same irrespective of the number of subcarriers, and all users are received with the same power (perfect power control system is assumed 
Bit error rate for asynchronous MC DS-CDMA with 15 active users, and 6 subcarriers is shown in Fig.(4) It is clear from the figure both the analytic and simulation results have a good agreement. The MF performance is completely decayed due to the MAI, and fading channel. The APIC is better than the CPIC specially for higher SNR (=13dB). Fig.(5) shows the excess MSE for the three adaptive algorithms at 20dB SNR. Both NLMS, and VSS-NLMS have a fast convergence than GNGD-NLMS. However, the performance of NLMS is the worst for the steady state error. Fig. (6) illustrates the performance comparison of the three adaptive algorithms in terms of BER at various values of SNR. As can be seen, VSS-NLMS gives the best performance, then NLMS while GNGD has the worst performance. This result for GNGD can be justified as the weight decision is taken at the last chip of every bit which is in this case n=31, as shown in Fig. (5) the GNGD algorithm has a slow convergence rate, in order to further illustrate this result, Fig.(7) shows the performance of the three algorithms using a PN code with length N=63. As can be seen the GNGD has a better performance than NLMS and a slight degradation than VSS-NLMS. 
Conclusions
Three different square-error regularized LMS algorithm are tested with APIC to eliminate the MAI of an asynchronous MC DS-CDMA system over frequency selective fading channels. A closed-form expressions of the BER of asynchronous MC DS-CDMA for HD-APIC- 
